OPEN 3 ACCESS Freely available online 



PLOS 



ONE 



Urban Tree Effects on Soil Organic Carbon 

Jill L. Edmondson 1 *, Odhran S. O'Sullivan 1 , Richard Inger 2 , Jonathan Potter 1 , Nicola McHugh 1 , 
Kevin J. Gaston 2 , Jonathan R. Leake 1 

1 Department of Animal and Plant Sciences, University of Sheffield, Sheffield, United Kingdom, 2 Environment and Sustainability Institute, University of Exeter, Penryn, 
Cornwall, United Kingdom 



(D 

CrossMark 



Abstract 

Urban trees sequester carbon into biomass and provide many ecosystem service benefits aboveground leading to 
worldwide tree planting schemes. Since soils hold ~75% of ecosystem organic carbon, understanding the effect of urban 
trees on soil organic carbon (SOC) and soil properties that underpin belowground ecosystem services is vital. We use an 
observational study to investigate effects of three important tree genera and mixed-species woodlands on soil properties 
(to 1 m depth) compared to adjacent urban grasslands. Aboveground biomass and belowground ecosystem service 
provision by urban trees are found not to be directly coupled. Indeed, SOC enhancement relative to urban grasslands is 
genus-specific being highest under Fraxinus excelsior and Acer spp., but similar to grasslands under Quercus robur and mixed 
woodland. Tree cover type does not influence soil bulk density or C:N ratio, properties which indicate the ability of soils to 
provide regulating ecosystem services such as nutrient cycling and flood mitigation. The trends observed in this study 
suggest that genus selection is important to maximise long-term SOC storage under urban trees, but emerging threats from 
genus-specific pathogens must also be considered. 
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Introduction 

Urban ecosystems provide vital goods and services to the 
inhabitants of cities and towns [1]. Urban trees are especially 
important in providing a diverse range of ecosystem services. 
These include organic carbon storage [2]; flood mitigation and 
improved water quality [3]; filtration of atmospheric pollutants, 
especially removing health-damaging fine particulates such as 
PM10 [4], [5], and particulate-bound carcinogenic polycyclic 
aromatic hydrocarbons [6]; absorption of toxic gasses including 
0 3 , S0 2 and NOX [7]; traffic noise pollution reduction [8]; and, 
amelioration of the urban heat island effect [9-11]. In addition, 
urban trees and greenspaces provide wildlife habitat and aesthetic 
values that further contribute benefits to human wellbeing, quality 
of life and health [12-14]. Trees are a ubiquitous part of cities and 
towns, and have been estimated to cover between 10-67% of 
urban and community areas in the USA [3] and 20% of Greater 
London, UK [5]. 

The recognized importance of trees for ecosystem service 
provision has stimulated global efforts to increase tree cover in 
urban areas, for example 'The Big Tree Plant in England run by 
DEFRA and the Forestry Commission [15], and the private-public 
run ' MillionTreesNYC initiative' in New York, USA [16]. However, 
these initiatives have been conducted without a clear understand- 
ing of the effects of urban trees on provision of ecosystem services 
belowground. Given that approximately 75% of ecosystem carbon 
storage occurs in soils [17], [18], the net effect of trees on soil 



organic carbon (SOC) stores is particularly important since, in 
addition to providing a sink for atmospheric carbon dioxide fixed 
by photosynthesis, SOC is positively associated with regulating 
and supporting ecosystem services such as storm-water infiltration 
and nutrient holding capacity [19]. Without an assessment of the 
impact of tree planting on SOC and other soil properties that 
deliver ecosystem service benefits in an urban context it is not 
possible fully to understand the implications of this widespread 
management practice. 

Trees can influence the biological, chemical and physical 
properties of soils directly through their deep roots and litter 
quality and quantity [20]. Changes in soil properties following 
afforestation are varied and dependent on former land-use and 
species, particularly whether broadleaved angiosperms or gymno- 
sperms like pines [21], [22]. Previous studies on arable land, which 
has strongly depleted SOC stocks [23], have shown afforestation 
typically results in increased carbon sequestration both above and 
belowground [22]. Furthermore, the English national SOC 
inventory reports greater storage under woodland (primary and 
afforested) than pasture [24] . The UK Countryside Survey found 
lower soil bulk density (BD) values beneath woodland compared to 
improved grasslands [25], indicating a greater capacity of 
woodland soils to absorb sustained heavy rainfall and reduce 
run-off and flooding. As these countrywide survey habitats will 
include agricultural grasslands that have been ploughed and 
reseeded, they include soils that have previously been depleted in 
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SOC and experienced increased BD prior to tree planting, as well 
as ancient woodlands. 

Recent studies have shown that urban soils hold much higher 
concentrations of SOC than typical arable fields, into the same 
range as semi-natural grasslands and woodlands [26], [27]. The 
extent to which urban trees can increase SOC stocks over those of 
urban grasslands is currently unknown, as is the relative 
importance of different major urban tree genera. This knowl- 
edge-gap is strategically important with the rising pan-European 
threats to keystone urban tree species from virulent pests and 
diseases, including Ash dieback, Oak decline and Oak Proces- 
sionary Moth [28-30]. Here, we use an observational study in 
urban parks to examine differences in soil properties (SOC, C:N 
ratio, and BD) beneath three tree genera (Acer spp., Fraxinus 
excelsior, and Quercus robur) selected for their abundance and 
capacity to grow into large specimens, and mixed urban 
woodlands in comparison to adjacent urban grassland soil. We 
test the hypothesis that SOC stocks and C:N ratios would be 
increased in soil under trees compared to grassland, paralleling 
and positively correlating with greater above-ground carbon 
storage, whereas soil BD would be reduced under trees compared 
to grassland as seen in semi-natural ecosystems [25]. 

Methods 

Study area 

This research focussed on Leicester, a mid-sized UK city, 
located in the East Midlands of England (52°38'N, 1°08W). It has 
a human population of 310,000 [31], and covers an area of 
approximately 73 km 2 . The region has a temperate climate, 
receiving 620 mm of precipitation each year and average annual 
daily minimum and maximum temperatures of 6.1°C and 13.9°C, 
respectively [32]. Soil types within the city are dominated by deep 
clays, deep loam and seasonally wet deep clays and loam, 
according to the National Soil Map for England and Wales 
produced by Cranfield University. The soil types sampled in the 
city were: Hanslope, Whimple, Salop, Beccles 3, Ragdale and 
Fladbury 1. 

Sampling strategy 

A CIS was used to select randomly urban parks for soil sampling 
within the city of Leicester and permission was granted for the 
work by the Leicester City Council. The land-use history of each 
park was assessed in a CIS using the series of historic Ordnance 
Survey maps dating back to 1887. No park had previously been 
built upon, one park and two country houses and grounds that 
went on to form parks were in existence in 1887, the remainder 
were agricultural land at this time. Over the following years to the 
present day the remainder of the parks were established as the city 
expanded into the surrounding agricultural landscape, with the 
two recent parks developed on farmland within the last 20-30 
years (see Table SI for site specific land-use history). At each park 
an initial assessment was made for the presence of individual trees 
that ranged in size from saplings to large mature specimens within 
our target genera, specifically isolated specimens of Quercus robur, 
Fraxinus excelsior, Acer spp. (comprised oiAcer pseudoplatanus and Acer 
platanoides), or patches of mixed woodlands. The selected trees 
ranged in diameter at breast height (DBH) from 2.5 cm to 197 cm 
and in biomass from 1.3 kg to 61 tonnes for the largest mature Q. 
robur specimen (see Table SI). The tree genera were selected 
because of their importance in parks in Leicester and national 
abundance, Q. robur being the commonest tree and F. excelsior the 
second most common as an individual tree or within small patches 
of woodland in Great Britain [33] . A. pseudoplatanus is the fourth 



most common tree species in small patches of British woodland 
[33]. 

Where a park contained one or more of the tree genera and/or 
mixed woodland at least one grassland site was also identified for 
sampling. Each grassland site was situated in proximity to the tree 
sites identified, but was also over 50 m from any individual or 
patch of trees, to ensure that it was outside the influence of the 
trees. A CIS layer obtained from Leicester City Council was used 
to check that management at each grassland site was uniform, 
specifically that the regularity of mowing at all sites was 
approximately 25 times per year, these park grasslands were not 
irrigated nor did they receive any fertiliser input. The grassland 
sites were selected to act as a direct comparison (or paired sample) 
at each specific location (park) with the tree sample. 

At each site, tree species, height and DBH were recorded within 
a 5x5 m quadrat centred on individual isolated trees within 
grassland or in mixed woodland. Soils were sampled in 
approximately 7 cm increments to 1 m depth [26], the reference 
depth for the national SOC inventory [21], [24], under target tree 
genera, mixed woodland and grasslands. Under isolated trees soil 
samples were taken within 1 m of the trunk to ensure that all 
samples were taken beneath the canopy of even the small 
immature trees. In total, soils were sampled beneath 12 specimens 
of Quercus robur, 11 of Fraxinus excelsior, 12 of Acer spp. In addition 
soils were sampled beneath mixed urban woodland at 8 sites, and 
urban grassland at 15 sites. 

In addition to the three target tree genera specified a further six 
species; Acer campestre, Corylus avellana, Crataegus monogyna, Salix caprea, 
Tilia x europaea were identified in the mixed urban woodlands. 
Measured tree DBH and height were used to estimate above- 
ground biomass with allometric equations. For each species, where 
multiple equations were available they were combined to produce 
a generalised biomass prediction. Where species-specific equations 
did not exist genus level equations were used, following the 
methodology recently used to derive tree aboveground biomass 
across the city of Leicester [2] . However, allometric equations to 
predict biomass of urban trees specifically are scarce [34] , thus 
those used were derived from European and North American 
forested ecosystems [2], [35-37]. 

Soil sample preparation and analysis 

Soil samples were analysed for SOC, C:N ratio and BD using 
established procedures. In brief, soil samples were dried at 105°C 
for 24 hours, weighed, ball milled to homogenise, and passed 
through a 1 mm sieve [26]. Soil BD (g cm 3 ) was calculated after 
removing the dry weight of matter greater than 1 mm [38] . Soils 
were analysed in duplicate for total N concentration (mg g ) in a 
CN analyser [26]. Inorganic carbon was removed from 2.5 g of 
soil sample by adding 10 ml 5.7 M HC1, samples were centrifuged 
at 1800 g for 10 minutes, supernatant discarded and dried at 
105°C. Subsequent CN analysis in duplicate determined SOC 
concentration (mg g ') [26]. 

Statistical analysis 

All dependant variables (SOC Concentration, SOC Density, 
Soil C:N & Soil Bulk density) were checked for normality and 
homoscedasticity, and log transformed where necessary. Each of 
these dependant variables was analysed using general linear mixed 
effects models. The maximal model included vegetation cover as a 
5 level fixed factor (urban grassland, Q. robur, F. excelsior, Acer spp. 
and mixed woodland). Soil depth (at which the sample was taken) 
and the biomass of the individual tree in proximity to the soil 
sample or in mixed woodland the biomass of all trees within the 
5x5 m quadrat were incorporated as covariates in the model, and 
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urban park identity was included as a random (intercept) factor to 
account for differences in length of time since park establishment 
and geographic location within the city. Initial models included 
tree biomass as a variable, however this had no predictive power 
(as the confidence intervals spanned zero) for any measured soil 
property and therefore it was removed as a variable from all 
subsequent models. In all cases model simplification was attempted 
by comparing all possible simpler model subsets using Akaike's 
information criterion (AIC). The maximal model, containing all 
the predictor variables, was always found to be the top model 
(based on AIC) and used in the subsequent inferences. Pseudo R 2 
values were calculated using the methods of Nagelkerke [39]. 
Mixed models were carried out using package lme4. F and p 
values were calculated using Satterthwaite approximations [40] to 
determine denominator degrees of freedom in package lmerTest. 
All tests were carried out in the R language and environment [41]. 
Raw data are available in Table SI. 

Results 

There were significant differences in SOC concentration and 
amount per soil volume (SOC density) between the three tree 
genera, mixed urban woodland and grassland (F= 9.95, /><0.001; 
and F= 12.51, /><0.001, respectively). Soil depth had a strong 
effect on SOC concentration (F= 609.89, /K0.001) and density 
(F= 456.27, /K0.001). Median SOC concentration and density 
were greatest beneath F. excelsior throughout the depth profile, 
followed by Acer spp., with no difference between Q. robur, mixed 
woodland, and grassland (Fig. 1). Model pseudo R , including 
both soil depth and tree cover, explained 59% and 57% of 
variation in SOC concentration and density respectively. Esti- 



mates of total SOC storage, based on summed median values for 
each depth category, ranged from 14-26 kg SOC m 2 with lowest 
storage beneath Q. robur, mixed woodland, and grassland, and the 
highest under F. excelsior (Fig. 1). The explanatory power of the 
mixed effects model for C:N ratio was low, with a pseudo R 2 
explaining only 1 1 % of the variation in the data (soil depth 
F= 20.74, /K0.001; vegetation cover F= 7.579, /K0.001). The 
effect of trees on BD was not significant (F= 1.24, p = 0.295). Soil 
depth was the most important predictor of BD (F= 244.35, p< 
0.001, model pseudo R 2 = 49%), with increased median BD with 
depth from 0.99-1.59 g cm" 3 between 0-20 cm to 80-100 cm 
(Fig. 2). The mixed effects models including tree biomass as a 
variable (excluding grassland as this cover type has no woody 
biomass) revealed that the effect size of tree biomass on SOC, C:N 
ratio and BD was small, and as confidence intervals spanned zero 
had no predictive power (see Table S2 for model statistics). 

Discussion 

Previous research in a typical UK city, Leicester, has shown that 
97% of carbon present in aboveground ecosystem biomass is 
found in trees, with average storage increasing from 0.2 kg m -2 in 
herbaceous vegetation (most commonly urban grassland) to 
28.5 kg m -2 in trees [2], affirming the importance of urban trees 
in aboveground carbon sequestration. In contrast we found that 
differences in SOC under trees compared to grassland were more 
modest and genus-specific and, surprisingly, did not occur under 
mixed woodland or Q. robur, even though several specimens of the 
latter had a trunk diameter of over 1.5 m. No significant 
differences in SOC concentration beneath urban forests and 
grasslands were found in Baltimore, USA [42], corresponding with 
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Figure 1. Soil organic carbon storage within each 20 cm depth category (summed median values are displayed in text boxes, 
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indicate 25 th and 75 th percentiles, whiskers indicate highest and lowest 
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doi:1 0.1 371 /journal.pone.01 01 872.g002 

our findings for mixed woodlands. Nonetheless, we did find 
increased SOC storage under F. excelsior and, to a lesser extent, Acer 
spp., with gains of 1 1 kg m and 5 kg m respectively 
compared to the adjacent grasslands (Fig. 1). 

The effects of F. excelsior are of particular interest in light of 
current concerns about the impact of ash die-back disease on this 
widespread and abundant species in Europe and the UK, where it 
is the second most abundant tree in small woodland patches and 
the second most common individual tree in the countryside [33]. 
A. pseudoplakmus and F. excelsior are mesophilic species that thrive on 
well-watered alluvial soils, but the former is more drought 
susceptible [43]. The clear SOC enrichment throughout the soil 
profile under F. excelsior, especially from 40-100 cm depth, could 
be attributed to several factors. This species produces a greater 
root mass than A. pseudoplatanus and Q. robur, and establishes its 
extensive deep root network more quickly than other broadleaved 
species [44] , and is especially well adapted to clay-rich soils such as 
those found in Leicester. Organic carbon introduced by tree roots 
into clay rich subsoils will experience long residence times [45]. 

Compared to park grassland, none of the tree genera or mixed 
woodland altered soil BD, which is consistent with previous reports 
of the absence of effects of broadleaved trees planted in pasture 
[46] . However, the urban trees could still aid storm-water drainage 
along root channels [20]. Similarly, soil C:N ratio, one of the 
major controls of N availability and leaching [47], was also 
unaffected by trees. 

These data highlight the often overlooked importance of urban 
park grasslands as contributors to belowground ecosystem service 
provision, particularly SOC storage, which we show exceeds 
typical values for agricultural grassland by 23% [24]. Urban park 
management may reduce litter inputs from trees relative to 
grassland as mowings are not collected but autumn leaves are 
removed from beneath individual trees. However, it remains 
unclear how important these management practices are as leaves 



were not removed from beneath the stands of mixed woodland we 
sampled, yet these showed no significant increase in SOC storage 
compared to adjacent grassland. Carbon inputs into the soils 
under grassland and park trees are likely to be strongly influenced 
by roots. Mean residence time of root carbon in soil is typically 2.4 
times that of shoot carbon, due to higher concentrations of the 
more recalcitrant components such as lignin, so that SOC is often 
mainly derived from root inputs [48] . 

This observational study aimed to provide a first indication of 
the long-term effect of trees in urban areas on soil properties. As 
our approach was non-experimental we cannot be certain whether 
the sampled trees were planted or naturally regenerated from seed, 
and we have to assume that any differences in soil conditions 
under trees and adjacent grassland are due to the trees. However, 
our strategy of sampling soil under trees of very different sizes 
enabled us to investigate if there were any relationships between 
tree size (as a proxy for tree age) and soil properties across a range 
of urban parks. Indeed, given the range of tree sizes we studied, 
the trees will likely have ranged in age from a decade to several 
centuries- a timespan difficult to achieve in experimental 
manipulation studies. Perhaps one of the most surprising findings 
arising from this was the absence of clear effects of tree size on soil 
carbon storage, especially for oaks where the largest individuals 
were 1.6 m-2.0 m DBH. 

Tree planting within urban areas is one of a range of 
environmental management techniques used which impact, either 
intentionally or unintentionally, on ecosystem service provision 
[1]. Although tree planting is known to increase ecosystem service 
provision aboveground [2-14], we now show for the first time for 
urban trees that this benefit does not consistendy extend into the 
soil system as, contrary to our original hypotheses, there is no 
direct relationship between aboveground tree biomass and SOC 
concentration, soil C:N ratio and soil BD. 

We demonstrate the importance of targeted tree genus selection 
to maximise the long-term belowground ecosystem service benefits 
of urban tree planting with respect to SOC. Further research 
should seek to elucidate the belowground effects of other common 
tree species on a range of soil types and climate zones across urban 
areas globally, better to inform urban policy and planning. Our 
findings that F. excelsior makes an important contribution to 
enhancing urban SOC stocks coincides with the first record of ash 
dieback disease spreading into our study region (Leicestershire) 
[49]. This raises important questions about the likely future 
impacts of loss of this species on SOC stocks nationally. 
Furthermore, it highlights the importance of long-term planning 
in cities and towns to couple the ecosystem service benefits of tree 
planting with disease and climate change resilient urban tree 
populations in the future. 

Supporting Information 

Table SI Raw data file. 

(XLSX) 

Table S2 Results from mixed effect model and model 
averaging for models including tree biomass. 

(DOCX) 

Acknowledgments 

We gratefully acknowledge Leicester City Council for access to their land. 

Author Contributions 

Conceived and designed the experiments: JLE NM KJGJRL. Performed 
the experiments: JLE OSOJP. Analyzed the data: RI. Contributed to the 



PLOS ONE | www.plosone.org 



4 



July 2014 | Volume 9 | Issue 7 | e101872 



Urban Tree Effects on Soil Organic Carbon 



writing of the manuscript: JLE RI OSO JP NM KJG JRL. Designed, 
arranged permissions: JLE JP OSO. Carried out fieldwork: JLE JP OSO. 

References 

1. Gaston KJ, Avila-Jimcncz ML, Edmondson JL (2013) Managing urban 
ecosystems for good and services. J Appl Eeol 50: 830-840. 

2. Davies ZG, Edmondson JL, Heincmeyer A, Leake JR, Gaston KJ (2011) 
Mapping an urban ecosystem service: quantifying above-ground carbon storage 
at a city-wide scale. J Appl Ecol 48: 1 1 25-1 1 34. 

3. Nowak DJ, Greenfield EJ (2012) Tree and impervious cover in the United 
States. Landscape Urban Plan 107: 21-30. 

4. Tiwary A, Sinnett D, Peachey C, Chalabi Z, Vardoulakis S, et al. (2009) An 
integrated tool to assess the role of new planting in PMjo capture and the human 
health benefits: a case study in London. 

5. Tallis M, Taylor G, Sinnett D, Freer-Smith P (201 1) Estimating the removal of 
atmospheric particulate pollution by the urban tree canopy of London, under 
current and future environments. Landscape Urban Plan 103: 129—138. 

6. Joraeva VA, Johnson DL, Hassett JP, Nowak DJ (2002) Differences in 
accumulation of PAHs and metals on the leaves of Tilia x euchlora and Pyrus 
calleryana. Environ Pollut 120: 331-338. 

7. Nowak DJ, Crane DE, Stevens JC (2006) Air pollution removal by urban trees 
and shrubs in the United States. Urban Eor. Urban Gree 4: 115—123. 

8. Maleki K, Hosseini SM (201 1) Investigation of the effects of leaves, branches and 
canopies of trees on noise pollution reduction. Annals of Environmental Science 
5: 13-21. 

9. Akbari H (2002) Shade trees reduce building energy use and C0 2 emissions 
from power plants. Env Pollut 116: S119-S126. 

10. Hamada S, Ohta T (2010) Seasonal variations in the cooling effect of urban 
green areas on surrounding urban areas. Urban For Urban Gree 9: 15-24. 

1 1. Armson D, Stringer P, Ennos AR (2012) The effect of tree shade and grass on 
surface and globe temperatures in an urban area. Urban For Urban Gree 1 1 : 
245-255. 

12. McPherson EG, Nowak D, Heisler G, Grimmond S, Souch C, et al. (1997) 
Quantifying urban forest structure, function, and value: the Chicago urban 
forest climate project. Urban Ecosystems 1: 49-61. 

13. Nowak DJ, Crane DE, Stevens JC, Hoehn RE, Walton JT, et al. (2008) A 
ground-based method of assessing urban forest structure and ecosystem services. 
Arboriculture and Urban Forestry 34: 347-358. 

14. White MP, Alcock I, Wheeler BW, Dcpledge MH (2013) Would you be happier 
living in a greener urban area? A fixed-effects analysis of panel data. Psychol Sci. 
24: 920-928. 

15. DEFRA. The Big Tree Plant. Available: http://www.defra.gov.uk/ 
bigtreeplant/ Accessed: 20 14 Jan. 

16. MillionTressNYC. Million Trees NYC. Available: http://www.milliontreesnyc. 
org/html/about/about.shtml Accessed: 2014 Jan. 

17. Batjes NH (1996) Total carbon and nitrogen in soils of the world. EurJ Soil Sci 
47: 151-163. 

18. Lai R (2008) Carbon sequestration. Philos T Roy Soc B 363: 815-830. 

19. Franzluebbers AJ (2002) Soil organic matter stratification ratio as an indicator of 
soil quality. Soil Till Res 66 95-106. 

20. Day SD. Wiseman PL, Dickinson SB, HarrisJR (2010) Tree root ecology in the 
urban environment and implications for a sustainable rhizosphere. Arboriculture 
and Urban Forestry 36: 193-205. 

21. Jobbagy EG, Jackson RB (2000) The vertical distribution of soil organic carbon 
and its relation to climate and vegetation. Eeol Appl 10: 423—436. 

22. Guo LB, Gilford RM (2002) Soil carbon stocks and land use change: a meta 
analysis. Global Change Biol 8: 345—360. 

23. Lai R (2004) Soil carbon sequestration impacts on global climate change and 
food security. Science 304: 1623-1627. 

24. Bradley RI, Milne R, Bell J, Lilly A, Jordan C, et al. (2005) A soil carbon and 
land use database for the United Kingdom. Soil Use Manage 21: 363-369. 

25. Carey PD, Wallis S, Chamberlain PM, Cooper A, Emmett BA, et al. (2008) 
Countryside Survey: UK Results from 2007. NERC/Centre for Ecology & 
Hydrology (CEH Project Number:C03259). 

26. Edmondson JL, Davies ZG, McHugh N, Gaston KJ, Leake JR (2012) Organic 
carbon hidden in urban ecosystems. Scientific Reports 2: 963. 



27. Edmondson JL, Davies ZG, McCormack SA, Gaston KJ, Leake JR (2014) Land- 
cover effects on soil organic carbon stocks in a European city. Sci Total Environ 
472: 444-453. 

28. DEFRA (2013) Chalara management Plan. Department for Environment Food 
and Rural Affairs, London. 

29. Forestry Commission. Bleeding Canker of Horse Chestnut. Available: http:// 
www.forestry.gov.uk/fr/infd-6kybgvAccesscd 2013 Dec. 

30. Tree Health and Plant Biosecurity Taskforce (2013) Tree Health and Plant 
Biosecurity Task Force. Department for Environment Food and Rural Affairs, 
London. 

31. Leicester City Council. Population of Leicester 1801-2011. Available: http:// 
www.leicester.gov.uk/ your-council-services/ council-and-dcmocracy/ city- 
statistics/ other-statistics/ population-statistics/ populationsin.ee 1801/ Accessed 
2014 Jan. 

32. Met Office. 1981-2010 averages. Available: http://www.metoffice.gov.uk/ 
climate/uk/averages/19812010/ Accessed 20 14 Jan. 

33. Maskell L, Henrys P, Norton L, Smart S, Wood C (2013) Distribution of ash 
trees (Fraxinus excelsior) in Countryside Survey Data. Centre for Ecology and 
Hydrology. 

34. McHale MR, Burke IC, Lefsky MA, Peper PJ, McPherson EG (2009) Urban 
forest biomass estimates: is it important to use allomctric relationships developed 
specifically for urban trees? Urban Ecosystems 12: 95-1 13. 

35. Ter-Mikaelian MT, Korukhin MD (1997) Biomass equations for sixty-five North 
American tree species. Forest Ecol Manag 97: 1-24. 

36. Zianis D, Muukkpnen P, Makipaa R, Mencuecini M (2005) Biomass and stem 
volume equations for tree species in Europe. Silva Fenniee Monographs 4:63. 

37. Snorrason A, Einarsson SF (2006) Single-tree biomass and stem volume 
functions for eleven tee species used in Icelandic forestry. Icelandic Agricultural 
Science 19: 15—24. 

38. Edmondson JL, Davies ZG, McCormack SA, Gaston KJ, Leake JR (2011) Are 
soils in urban ecosystems compacted? A citywide analysis. Biol Letters 23: 771- 
774. 

39. Nagelkerke NJD (1991) A note on a general definition of the coefficient of 
determination. Biometrika. 78: 691—692. 

40. Satterthwaite FE (1946) An approximate distribution of estimates of variance 
components. Biometrics Bull 2: 110-114. 

41. R Core Team (2012) R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, 
Available: http:/ /www.R-project.org/. 

42. Pouyet RV, Yesilonis ID, Golubiewski NE (2009) A comparison of soil organic 
carbon stocks between residential turf grass and native soil. Urban Ecosystems 
12: 45-62. 

43. Lemoine D, Peltier J-P, Marigo G (2001) Comparative studies of the water 
relations and the hydraulic characteristics in Fraxinus excelsior, Acer 
pseudoplatanus, and A.opalus trees under soil water contrasted conditions. 
Ann For Sci 58: 723-731. 

44. Kerr G, Cahalan C (2004) A review of site factors affecting early growth of ash 
(Fraxinus excelsior L.). Forest Ecol Manage 188: 225-234. 

45. Krull ES, Baldock JA, Skemstad JO (2003) Importance of mechanisms and 
processes of the stabilisation of soil organic matter for modelling carbon 
turnover. Funct Plant Biol 30: 207-222. 

46. Berthrong ST, Jobbagy EG, Jackson RB (2009) A global meta-analysis of soil 
exchangeable cations, pH, carbon and nitrogen with afforestation. Ecol Appl 19: 
2228-2241. 

47. Dungait JAJ, Cardenas LM, Blackwell MSA, Wu L, Withers PJA, et al. (2012) 
Advances in the understanding of nutrient dynamics and management in UK 
agriculture. Sci Total Environ 434: 39-50. 

48. Rassc DP, Rumpel C, Dignac M-F (2005) Is soil carbon mostly root carbon? 
Mechanisms for a specific stabilization. Plant Soil 269: 341-356. 

49. DEFRA. Ash Die Back in Leicestershire Press Release. Available: http://www. 
gov.uk/ government/ news/ ash-disease-found-in-Leicestershire Accessed 20 1 3 
Dee. 



PLOS ONE | www.plosone.org 



5 



July 2014 | Volume 9 | Issue 7 | e101872 



